Engaging Audiences about Rain, Snow and Storms: GPM’s Rain EnGAUGE

K. Weaver'-2, D. Janney 3, and H. Davis 4
1Code 612, NASA/GSFC, 2USRA/GESTAR, 2ADNET Systems, “Tech for Learning, Inc
T heres been & New/ 2/ ; — A\

W D
l—eane : NORTH.
( ‘ ( : : MONTANA DAKOTA Nt
§ \) ) ] ] 3 ‘ MINNF'A Mon L\
OUTH AINE ¥

“\ Onawa
i > B SOUTE WISCONSIN
",‘\ > - M - AKOTA X Toronto
L\ |€ ) £ - OREGON IDAHO MICHIGAN
\ L/ A e WYOMING NE
W/ N A Chicago
\AA L N e & & A% NEBRASKA o
e o 0 /PK with a fea 7

5‘\4
ILLINOIS

ot e g
5k Scientis 4 Madel o Lanlad NEVADA United States INDJ PNh:IadeIphla
/ / ode( o / L UTAH o = s EN.
e FUN. C anx;.f‘ san FrgnCISCO COLORADO KANSAS.  MISSOURI \hvrilamm
WHENT What TTM¢ S IRGINIA
YVildhe : VTt L¢ A/ CALIFORAIA
March Z08° 7 MY Rlasiegas OKLAHOM TENNPSS p
@) ' Los eles ARINA KANSAS
: ’ San Diego NEW MEXICO Dallas MISSISSIPPI
Silver Sprin J w :
pring,

A ; A
=0 ALABARIA
e . TEXAS LEORGIA
LOUISIANA
= o

TR R B C‘l’/,a / \ Houston '
3 FLORIDA
Gp» 3 lten
L% prciprmamon NEASURENE S
.4;-\_ .
.

. Erosmn and Landshdes Lab I . Sample advemsmg flier and event

o

* Edible Model of GPM description

¢ Paper Model of GPM * Suggested timeline for planning an

= GPM Activities Pages event

* Freshwater Availability Demonstration * Sample event schedule

* Make a Rain Gauge * Sample evaluation form

* STEM Career Exploration e Presentation about the GPM satellite,

* Water Cycle Demonstrations its mission and technology

o Build a Hurricane-Resistant Tower e Templates for “GPM Ambassador”
ulf of Guinea N * Water Cycle Dice Game stickers for volunteers

* Book List for Read-Aloud

* NOAA Ocean Explorer

* NOVA Cloud Lab

* Calculate your Water Footprint

Beaufort, SC

The Rain EnGAUGE program, created by the GPM Education and
Communication Team, encouraged events at schools, libraries and
other public settings celebrating the launch of the Core Observatory.
Electronic and mailed resources were supplied, as well as assistance
in planning as needed. About 35 events were directly supported, most

q P, in calendar year 2014, reaching over 3000 attendees.
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Data Sources: Locations of events and approximate attendance provided by the event hosts to Kristen Weaver. Grateful acknowledgment to Dr. Dalia
Kirschbaum (617, NASA/GSFC), Deputy Project Scientist for Applications for the GPM mission and lead for the GPM Education & Communication Team,
and to Jacob Reed (617, NASA/GSFC & Telophase) for creating the Rain EnGAUGE website, including the project logo,
https://pmm.nasa.gov/education/rain-engauge.

Technical Description of Figures:
Left Top: Poster created by students to advertise the Rain EnGAUGE event held at Silver Spring International Middle School in Silver Spring, Maryland.
Event organizer was science teacher Molly McMahon.

Left Middle: Rain EnGAUGE logo, created by Jacob Reed (617, NASA/GSFC & Telophase)

Left Bottom: Oluwale Oluwafemi, teacher and researcher at the Nigeria Space Agency’s Centre for Geodesy and Geodynamics, presents about GPM as
part of his Rain EnGAUGE event.

Center: Map (using Google Maps) of the locations where known Rain EnGAUGE events were planned. Most events were from January through November
2014, but a few occurred in 2015, as late as September.

Table: List of online suggested activities and electronic materials available on the Rain EnGAUGE website, part of GPM’s Precipitation Education page.

Right Top: Students from a summer camp in Murfreesboro, Tennessee, enjoy their GPM outreach materials, sent for the Rain EnGAUGE event hosted by
their teacher, David Lockett.

Right Bottom: Kids reading books about weagher as part of the Rain EnGAUGE event held at Bridges Prep K-6 STEM School in Beaufort, South Carolina,
organized by teacher Loria Rutland and her 2™ grade class.

Scientific significance, societal relevance, and relationships to future missions: The purpose of the Rain EnGAUGE project was to make resources
developed by the GPM education and communication team easily accessible for others to help them plan their own outreach events and further spread
information about the mission and precipitation science, magnifying the effect of the small GPM core team. As such, the significance is in sharing the
scientific information from the GPM mission in a way understandable to students, teachers, and the general public, rather than furthering the science itself.
Through the known events held, thousands more people have learned about NASA Earth science generally and GPM specifically. As the resources were
freely available online, other events may have been held without any assistance from the GPM team. The concept of the program has been shared with
teams from other missions, to allow them to use lessons learned from the project to help spread their own science messages.
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High-latitude glaciers and ice sheets are expected to retreat during the 21st century. In these
environments dust activity can occur during cold dry conditions. An international and
multidisciplinary collaboration assessed the state of knowledge and current understanding of
contemporary dust activity of high latitude dust sources. Possible impacts (some of them already
observed) include changes in air quality, snow/ice albedo and nutrient deficient marine ecosystems.
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Data Sources: All visible RGB composites obtained from satellite images are from open access NASA Level-1 & Atmosphere
Archive and Distribution System (LAADS) Distributed Active Archive Center (DAAC), Goddard Space Flight Center and Google
Earth Engine (Landsat).

Technical Description of Figures:

Left image: MODIS Aqua image on 4 December 2012 showing a major dust plume originating from the Copper River valley and
extending >200 km over the Gulf of Alaska. The dust cloud reaches a region known to be deficient of the micronutrient Fe.
Right image: Oblique aerial view of the dust and ash covering Vatnajokull (Vatna in English) Glacier, Iceland. The photo was
taken on 13 September 2011, three months after the Grimsvotn eruption. Note the clear demarcation between highly reflective
fresh snow and much darker ash/dust-covered ice on the Oraefajokull volcano. Also, note the uneven pattern of wind-blown
redistributed surface sediment and high levels of particulates in suspension—evident as visibility-reducing haze (right distance).

Scientific significance, societal relevance, and relationships to future missions: Under contemporary environmental
conditions 80-100 Tg yr! of dust is contributed to the global dust cycle from high-latitude sources; this very rough estimate
represents up to 5% of the global dust budget. However, with receding glaciers and ice fields as well as expansion of human
settlements towards high latitudes, it is expected that air quality issues and regional aerosol direct effects will become more
apparent. In addition, Aeolian deposition of glacier silt will increase over nutrients deficient marine ecosystems with unknown
biogeochemical impacts. Current understanding of high-latitude dust in the Earth system, even at relatively small scales,
requires a multidisciplinary approach combining expertise in geomorphology, glaciology, meteorology, oceanography,
sedimentology, atmospheric sciences, and other specializations. It also requires the use of a range of research tools including
fieldwork, experimentation, observational networks, modeling and especially remote sensing.
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Complex Regional Trends (2005-2015) in NO, and SO, Pollution from Aura’s
Ozone Monitoring Instrument (OMI)

Nick Krotkov (614) & many others
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On April 12, 2016, President
Obama uses OMI NO, data to
explain how pollution affects our
planet:https://www.youtube.com
/watch?v=LKe5FdKInJs

TOP: over Eastern US NO, and
SO, pollution have decreased by
40% & 80%, “thanks in large part
to new rules to protect our air”.
US Environmental Protection
Agency’s (EPA) uses OMI NO, data
in Air Trends Report
(https://gispub.epa.gov/air/trends
report/2016)

Middle: NO, pollution over NE
China has declined by 50% since
its peak in 2011 and is now at the
same level as in 2005.

SO, pollution has declined by 80%
since its peak in 2007 and is now
60% less than in 2005.

Bottom: Over NE India where
many new coal-fired power plants
were built, NO, pollution
increased by ~40%, while SO,
pollution increased by 140%
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Data Sources: Aura Ozone Monitoring Instrument (OMI) SO2 and NO2 NASA standard products. The Dutch - Finnish built OMI instrument is part of the
NASA’s EOS Aura satellite payload. The OMI project is managed by KNMI (PI Pieternel Levelt) and the Netherlands Space Agency (NSO).

The Planetary Boundary Layer SO2 product (PBL OMSO02 v1.2.0) is publicly available from the NASA Goddard Earth Sciences (GES) Data and Information
Services Center (DISC) (http://disc.sci.gsfc.nasa.gov/Aura/data-holdings/OMI/omso2 v003.shtml).

The NASA standard SP tropospheric NO2 product (OMNO?2 version 2.1) is publicly available from NASA GES DISC at
http://disc.sci.gsfc.nasa.gov/Aura/data-holdings/OMI/omno2 v003.shtml.

Technical Description of Figures: s ,

OMI regional NO2 maps show annual average 2005 tropospheric NO2 vertical column density [10~ moleculescm 1.

OMI regional SO2 maps showlaennual average 2_2005 boundary level SOz vertical column density [Dobson Units].

1 Dobson Unit (DU) =2.69x10 [molecules cm 1.

Timeseries plots show percent change in annual average NO2 and SO2 relative to the 2005 for regions outlined in the maps

Scientific significance, societal relevance, and relationships to future missions:

Space-based monitoring plays an increasingly important role in the science of tropospheric chemistry and air quality applications to help mitigate
anthropogenic and natural impacts on climate, sensitive ecosystems, and human health. US Environmental Protection Agency’s (EPA) uses OMI NO2 data
in Air Trends Report (https://gispub.epa.gov/air/trendsreport/2016). It is essential to continue and maintain overlapping long-term satellite data
records. The baseline established during the first 12 years of OMI is invaluable for the interpretation of measurements from future satellite atmospheric
chemistry missions.

The OMI measurements will be continued by the TROPOspheric Monitoring Instrument (TROPOMI), which is planned for launch on ESA’s Sentinel 5
Precursor (S5P) satellite in 2016. TROPOM I is part of the European Sentinel series that will continue the global pollution data record for another 20
years . The space-based capabilities for air quality applications will be further enhanced by the addition of higher-ground resolution hourly observations
from the three geostationary satellites over North America (NASA's first EV-l Tropospheric emissions: monitoring of pollution (TEMPO),
http://tempo.si.edu), over Europe (ESA’s and Copernicus Sentinel 4 UVN ) and East Asia (Geostationary Environment Monitoring Spectrometer (GEMS)
on board the GeoKOMPSAT satellite). This atmospheric composition constellation will allow for unprecedented observations of the key pollutants in the
atmosphere during next decade.
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